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We introduce a new interpretation of quantum mechanics by examining Einstein, Podolsky and
Rosen’s (EPR) paradox [1] and Bell’s inequality experiments [2] under the assumption that the vac-
uum has an inhomogeneous texture for energy levels below the Heisenberg time-energy uncertainty
relation. In this article, selected results from the most reliable Bell’s inequality experiments [3–5]
will be quantitatively analyzed to show that our interpretation of quantum mechanics creates a new
loophole in Bell’s inequality, and that the past experimental findings do not contradict our new in-
terpretation. Under the vacuum texture interpretation of quantum mechanics in a Bell’s inequality
experiment, the states of the pair of particles created at the source (e.g. during parametric down
conversion) is influenced by an inhomogeneous vacuum texture sent from the measurement appa-
ratus. We will also show that the resulting pair of particles are not entangled and that the theory
of vacuum texture preserves local realism with complete causality. This article will also suggest an
experiment to definitively confirm the existence of vacuum texture.
PACS numbers: 03.65.w, 03.65.Ta, 03.65.Ud
I. INTRODUCTION
We propose that, instead of vacuum fluctuations be-
ing completely stochastic, random and uncertain, they
are locally deterministic and the fluctuations posses an
inhomogeneous texture created by the presence of mat-
ter (such as an experimental apparatus and the sample
itself), and the texture travels with the speed of light (or
very close to it). These low level fluctuations are hard to
detect directly since they don’t carry energy larger than
what the Heisenberg time-energy uncertainty principle
allows. However, vacuum texture can drastically break
symmetry during particle creation. In this interpreta-
tion of quantum mechanics, the probability distribution
is a consequence of an inhomogeneous vacuum texture
and the particle is created in one state at the source and
travels in one trajectory. The detection of the particle
does not “collapse” its quantum state as suggested by the
Copenhagen interpretation; rather, the placement of the
detector has already broken the symmetry of the vacuum
texture and thus changed the probability of the creation
of a particle (and it’s state) along various trajectories at
the source.
A rigorous formulation of the theory of vacuum texture
is beyond the scope of this article but will be discussed
in ref. [6]. We will suggest an experiment similar to one
performed by Alain Aspect in 1982 [5]; however, addi-
tional data analysis is needed to test the vacuum texture
theory. If the existence is confirmed, the theory of vac-
uum texture may not only give an answer to the EPR
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question but may also unify other existing theories [6].
II. BELL’S INEQUALITY WITH VACUUM
TEXTURE
In a typical Bell’s experiment, the source sends two
physical systems (photon’s in this case) to distant ob-
servers, Alice and Bob (Fig. 1 (a)). The measurement
setting chosen by Alice is a and by Bob is b while the
outcome received by Alice is α and by Bob is β. For
the case of photon polarization, a and b correspond to
polarization beam splitter (PBS) angles. α, β = +1 for
detecting a photon and −1 for not detecting a photon.
The experimentally measured probability distribution of
the correlation between Alice and Bob produces results
that violates Bell’s inequality and are consistent with
quantum entangled states. The correlation function is
expressed as:
E(a, b) =
∑
α,β=±1
αβP (αβ|ab) (1)
where P (αβ|ab) is the probability of the measurement
result for α, β = +1 or −1 when Alice’s and Bob’s polar-
ization measurement axis is at a and b degrees, respec-
tively. With the standard quantum mechanics analysis,
Eq. 1 becomes:
Eqt(a, b) = cos 2(a− b), (2)
and is shown in Fig. 2 by the red curve.
For local hidden variable theories, the probability is
expressed as:
P (αβ|ab) =
∫
Λ
dλq(λ)P (α|a, λ)P (β|b, λ), (3)
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FIG. 1. (a) The typical Bell’s inequality measurement set-
ting for a pair of photons with a spontaneous-parametric-
down-conversion photon source and polarization beam split-
ters (PBSs). (b) Under the assumption of vacuum texture,
placing an object in a light-like cone that includes the source
of the creation of a pair of photons effects the measurement
and rotational symmetry at the source is broken.
where, q(λ)dλ is the distribution of hidden variable,
λ, and Λ represents the manifold of allowed values for
λ. For photon polarization, λ is an angle and also∫ pi/2
−pi/2 dλq(λ) = 1 where q(λ) = q(λ± pi).
In semi-classical analysis, assuming rotational sym-
metry for creation of a pair of photons at the source,
q(λ) = 1/pi, and with Malus’s law,∑
α=±1
αP (α|a, λ) = cos(2(a− λ)),∑
β=±1
βP (β|b, λ) = cos(2(b− λ)).
(4)
Using Eq. (1), this yields Esc(a, b) = (cos 2(a− b))/2,
which is depicted by the blue curve in Fig. 2.
Bell’s inequality is derived from Eq. (3) assuming that
q(λ) is independent of a and b: q(λ|ab) = q(λ). Within
vacuum texture theory, this is no longer true because the
value of the hidden variable depends on a and b. Thus,
the probability of the measurement must be expressed
as:
Pvt(αβ|ab) =
∫ pi/2
−pi/2
dλq(λ|ab)P (α|a, λ)P (β|b, λ). (5)
Bell’s inequality does not hold for Eq. (5) because it
relies on Eq. (3). Eq. (5) can be true even if Bell’s
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FIG. 2. Eqt(a, b) is the quantum mechanical correlation
function with Alice and Bob’s measurements with settings
a and b (red curve). Esc(a, b) is for the semi-classical so-
lution using Eq. (3) (blue curve). Evt(a, b) is the semi-
classical solution with vacuum texture using a local hid-
den variable in Eq. (5) (black dotted curve). Emclhv(a, b)
is maximum classical correlation using (3) when replacing
Eq. (4) with
∑
α=±1 αP (α|a, λ) = sgn(cos(2(a − λ))) and∑
β=±1 βP (β|b, λ) = sgn(cos(2(b− λ))).
inequality is violated; this is the new loop-hole that the
theory of vacuum texture reveals.
In Fig. 1 (b), when the pair of photons are created at
the source, the polarization of the created photons are
no longer rotationally invariant due to the vacuum tex-
ture which was created at the PBS and traveled to the
source. In Fig. 3 and 4, we propose a plausible model
that can lead to a vacuum texture, which for PBS will
produce a vacuum texture with 4-fold symmetry. While
any specification of a vacuum texture with 4-fold sym-
metry is sufficient to determine if it can explain previous
Bell’s inequality measurement experiments, it is natural
to assume that the PBS angles a, a− pi/2, b and b− pi/2
degrees are relatively favorable for the first photon to
be created. The creation of the secondary photon needs
to satisfy conservation of energy and linear & angular
momentum. For simplicity, the delta function has been
chosen to describe the local hidden variable with vacuum
texture from the PBS with the setting angles of a and b:
q(λ|ab)dλ = 1
4
{δ(λ− a) + δ(λ− (a− pi/2))
+ δ(λ− b) + δ(λ− (b− pi/2))}dλ, (6)
Using Eq. (1) and (4)-(6), the correlation function with
vacuum texture is calculated as Evt(a, b) = cos(2(a− b)).
Even though we have derived the correlation function
from an entirely different set of assumptions, we arrive
at an equation that is identical to quantum mechanical
solution: Evt(a, b) = Eqm(a, b), and, therefore, the max-
imum value of S, Svt = Sqm = 2
√
2 ≈ 2.83 where the
Bell-CHSH inequality [7] is expressed as |S| ≤ 2. Thus,
we have shown that the local hidden variable vacuum tex-
ture theory agrees with the probabilistic aspect of quantum
mechanical theory.
Bell was highly aware of the possibility that q(λ|a, b) 6=
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FIG. 3. A PBS is one of the strongest possible sources of
vacuum texture in the typical Bell’s inequality measurement.
It is very plausible that the PBS would transmit a vacuum
texture to the photon source. This vacuum texture does not
posses full rotational polarization invariance. But how is vac-
uum texture created? Zero-point radiation can be thought
of as the cause of vacuum texture. In this model, without a
PBS, zero-point radiation caused by vacuum fluctuations will
have a uniform distribution of polarization. However, when
the PBS is present, zero-point radiation that impinges on the
back of the PBS will become polarized, thus breaking the
symmetry. The inset shows q(λ) in the polar coordinate in
the 4-fold symmetry with the eight delta functions which are
expressed in Eq. 6 (−pi/2 < λ ≤ pi/2).
q(λ) [2, 8]. Consequently a series measurements were per-
formed with the added feature of freedom of choice [5, 9–
12]. Two settings of the choices/settings are made af-
ter/before the creation of a pair of photons at the source
either periodically or randomly. Alice had a choice be-
tween a or a′, and Bob had a choice between b or b′ (see
Fig. 5).
The probability function within the vacuum texture
theory with freedom of choice becomes:
Pvt(αβ|ab, a′b′)
=
∫ pi/2
−pi/2
dλq(λ|a′b′)P (α|a, λ)P (β|b, λ) (7)
where a and b are the measurement settings which were
actually used for the measurement results of α and β, and
a′ and b′ are the settings of the electro-optical modulators
(EOMs) when they are in the past lightlike cone to the
pair at the photon source.
Because of the round-trip time, there are two possi-
ble measurement scenarios when a and b are changing:
in-sync and out-of-sync. If the switching is much slower
than the round-trip time, trt = d/c+ τ + d/c (where the
speed of vacuum texture, vvt ≈ c, and τ  d/c is the in-
teraction time at the photon source), the detector setting
and photon pair will be in-sync and Pvt, (αβ|ab, ab) =
Pvt(αβ|ab). On the other hand, if the switching is much
faster than trt, it depends on the fraction of time in-sync
and the fraction of time out-of-sync. Using a hidden vari-
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FIG. 4. A Feynmam diagram depicting a plausible (but not
necessary) model of how a vacuum texture can travel from
the PBS to the source: The vacuum texture propagates as a
chain of virtual photons. With this model, we require a polar-
ization maintaining interaction between virtual photons. In
other words, the presence of one virtual photon with a partic-
ular polarization will induce the existence of another virtual
photon with the same polarization. Without the PBSs, the
vacuum texture propagating to the source would be ubpolar-
ized. However, the presence of the PBSs only allows certain
polarization angles to pass through creating an inhomoge-
neous vacuum texture.
able with the four possible combinations:
qfc(λ|aba′b′)dλ = {fafbq(λ|ab) + fa(1− fb)q(λ|ab′)
+ (1− fa)fbq(λ|a′b) + (1− fa)(1− fb)q(λ|a′b′)}dλ
= {fq(λ|ab)+(1−f)q(λ|a′b′)+f ′(q(λ|ab′)−q(λ|a′b))}dλ
(8)
where fa is the fraction of the time in-sync for Alice and
fb for Bob, and 1− fa is the fraction of time out-of-sync
for Alice and 1 − fb for Bob, with f = (fa + fb)/2 and
f ′ = (fa − fb)/2. With Eq. 5 and 7, we find that the
probability for freedom-of-choice under vacuum texture
theory becomes
P fcvt (αβ|ab, a′b′)
=
∫ pi/2
−pi/2
dλqfc(λ|aba′b′)P (α|a, λ)P (β|b, λ)
= fPvt(αβ|ab) + (1− f)Pvt(αβ|ab, a′b′)
+ f ′{Pvt(αβ|ab, ab′)− Pvt(αβ|ab, a′b)}, (9)
where fPvt(αβ|ab) is the in-sync case, and (1 −
f)q(λ|a′b′) is the out-of-sync case. The third term,
f ′{Pvt(αβ|ab, ab′) − Pvt(αβ|ab, a′b)} is the unbalanced-
synchronous case where fa 6= fb.
For the in-sync case, we revert to the standard correla-
tion value Einsvt (a, b) = cos(2(a− b)). For the out-of-sync
case,
Eoosvt (a, b, a
′, b′) =
∑
α,β=±1
αβPvt(αβ|ab, a′b′)
=
1
2
{cos(2(a−b))+cos(2(a+b−a′−b′)) cos(2(a′−b′))}.
(10)
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FIG. 5. An EOM is typically used as a switch for the mea-
surement settings of polarization angles between a & a′ for
Alice and b & b′ for Bob. Unless it is stated, it is assumed
that d′ ≈ d in Fig. 1 (b).
For the unbalanced-synchronous case,
Eusvt (a, b, a
′, b′) =∑
α,β=±1
αβ{Pvt(αβ|ab, ab′)− Pvt(αβ|ab, a′b)}
=
1
2
{cos(2(a− a′ + b− b′)) cos(2(a′ − b′))}. (11)
Consequently, the correlation value for freedom-of-
choice is expressed as:
Efcvt (a, b, a
′, b′) =
fEinsvt (a, b)+(1−f)Eoosvt (a, b, a′, b′)+f ′Eusvt (a, b, a′, b′).
(12)
III. SUGGESTED EXPERIMENT
In 1982, Aspect et al. performed the most cited Bell’s
inequality measurement [5]. This was the first experi-
ment to successfully introduce choice. The PBS angles
of a and a′ for Alice, and b and b′ for Bob were switched
periodically at a frequency around 50 MHz by introduc-
ing a phase delay in each path via an electro-optical phase
modulator [13, 14].
In the 1982 Aspect experiment, a different form of
Bell’s inequality, S′ was used:
S′ =
N(a, b)
N(∞,∞)−
N(a, b′)
N(∞,∞′) +
N(a′, b)
N(∞′,∞) +
N(a′, b′)
N(∞′,∞′)
− N(a
′,∞)
N(∞′,∞) −
N(∞, b)
N(∞,∞) , (13)
where N(a, b) is the probability of a photon being de-
tected with a single detector measurement for both Al-
ice and Bob with the PBS setting angle a and b where
N(a, b) = P (α = β = 1|ab) (see Eq. 1), and N(∞,∞) is
without a PBS. The inequality for a local hidden variable
in Eq. 3 is expressed as −1 6 S′ 6 0.
With a, b, a′ and b′ of 0, pi/8, pi/4 and 3pi/8, respec-
tively, Eq. 13 simplifies to S′qm = 0.207 for the standard
quantum mechanical interpretation, since Nqm(a, b) =
cos2(a − b)/2. With vacuum texture without choice we
also have, S′vt = 0.207. For the semi-classical case,
S′sc = −0.146 where Nsc(a, b) = (1 + (sin 2(a− b))/2)/4.
With vacuum texture with choice, it is the same as
quantum mechanics as long as it is in sync: S′insvt =
0.207. For the out-of-sync case, S′oosvt = −0.5 where
Nvt(a, b, a
′, b′) = Pvt(α = β = 1|ab, a′b′) (Pvt from Eq.
7).
In this experiment, the switching was periodic and not
random. For vacuum texture,
S′psvt = fS
′ins
vt + (1− f)S′oosvt . (14)
where f is the fraction of the time in sync. The round trip
time for light between the switch and the pair of photon
source was 2d/c = 43 ns for Alice and Bob. The optical
switching frequency for Alice was 46.2 MHz and then
the switching period was 43.3 ns. The optical switching
frequency for Bob was 48.4 MHz and then the switching
period was 41.3 ns [5, 13, 14].
In 1989, Zeilinger pointed that ”there was a numeri-
cal coincidence between photon flight time and switch-
ing frequency [15].” In this measurement, the average of
Alice and Bob had 90 % of the time in sync, f = 0.9
(see Fig. 6). Therefore, the predicted value with vac-
uum texture is S′psvt = 0.136. Any experimental error
in the switching in the experiment would suppress the
value of S′ by a small amount. The measured value was
S′measured = 0.101± 0.020, in reasonable agreement with
the theory of vacuum texture.
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FIG. 6. Alice had 97 % in sync. Bob had 83 % in sync. In
average, 90 % of the time, it was in sync.
In order to prove or disprove the existence of vacuum
texture. We suggest to repeat the same or a similar mea-
surement as conducted by Aspect. However this time,
to vary the switching frequency (and/or the distance)
to see whether the in-sync and out-of sync follow the
maxima and minima in Fig. 7 predicted by the vac-
uum texture theory. The maxima up to S′ = 0.207
are quantum effects in which, in this new interpretation,
the incident particles are in-sync with vacuum texture.
5When the measurement settings are not changed dur-
ing the measurement, the vacuum texture effect is the
same as quantum mechanics in the probabilistic aspect.
The minima down to S′ = −0.5 are new phenomena
(anti-quantum/sub-classical effects) and corresponds to
the completely out-of-sync situation. If the frequency
setting are random and averaged, the in-sync and out-of-
sync components would average out to the semi-classical
solution, S′sc = −0.147. Indeed, this could be the mech-
anism of dephasing. In the classical world, the settings
of the environment would change due to thermal fluc-
tuation as the vacuum texture travels between masses.
This could be the reason that quantum effects are often
observed at low temperatures in relatively small systems.
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FIG. 7. The expected S′ value with vacuum texture is plotted
in a function of switching frequency. The red dot is at the
frequency which was used for Alice, and the blue dot is at the
frequency which was used for Bob in [5]. The measured S′
is the average of the settings of Alice and Bob (see Eq. 14).
Expected S value under the same conditions is also shown in
orange.
Furthermore, in this article, so far we have assumed
that d′ (see Fig. 5) or d without EOM (see Fig. 1 (b))
for Alice and Bob are same. When they are different, we
might be able to observe distance effects on vacuum tex-
ture. For example, the switch for Alice can be removed,
and Alice’s setting can be fixed a or a′ at the distance da
for a set of measurements while Bob can have the same
periodical switching between b and b′ at the distance d′b.
At da  d′b, the frequency sweep for Bob should show
the maxima and minima at the same frequency in Fig. 7
in S′. The maxima and minima in S′ should disappear
as it approaches to da  d′b, and the value should be
constant. Measurements taken when da ≈ d′b would be
very interesting.
IV. CONCLUSION
We have proposed that existence of vacuum texture
would explain Bell’s inequality measurements with local
realism and causality. An experimental setting, which
was capable with 1982 technology, is suggested for def-
inite proof/disproof of vacuum texture. We have also
demonstrated that when the experimental settings are
switched randomly so that half the case is in-sync and
the other half is out-of-sync with the vacuum texture, the
solution approaches to the semi-classical solution. This
could be the mechanism for dephasing. In addition, for
the case of completely out-of-sync timing, we predict an
anti-quantum/sub-classical effect. In this case, even clas-
sical correlation is diminished. This effect might not exist
naturally.
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